The concept of ecological exchangeability, together with genetic exchangeability, is central to both the Cohesion Species Concept as well as to some definitions of Evolutionarily Significant Units. While there are wellestablished criteria for measuring genetic exchangeability, the concept of ecological exchangeability has generated considerable confusion. We describe a procedure that uses the complementary strengths, while recognising the limitations, of both molecular genetic data and ecological experiments to determine the ecological exchangeability of local populations within a species. This is the first synthesis of a combined approach (experiments and genetics) and the first explicit discussion of testing ecological exchangeability. Although it would be ideal to find functional genes that interact to influence quantitative traits resulting in ecological differences (e.g. growth, size, fecundity), we suggest that our current knowledge of functional markers is too limited for most species to use them to differentiate adaptively different local populations. Thus, we argue that ecological experiments using whole organisms combined with neutral markers that indicate evolutionary divergence, provide the strongest case for detecting adaptive differences among local populations. Both genetic divergence and ecological experiments provide the best information for infering ecological exchangeability. This procedure can be used to decide which local populations should be preserved to maintain intraspecific variation and to determine which populations would enhance captive-breeding programs, augment endangered local populations and could best be used to re-introduce native species into historically occupied areas.
INTRODUCTION
Populations are ecologically exchangeable when individuals can be moved between different local populations and still occupy the same ecological niche or selective regime. Populations that are exchangeable are adapted to the same local conditions, whereas inexchangeability is synonymous with local populations adapted to different environmental conditions. We view most species as comprising a group of local populations and when local populations are inexchangeable, they constitute separate Evolutionarily Significant Units (ESUs).
Ecological (or demographic) exchangeability was formally described by Templeton (1989) as a key feature to his Cohesion Species Concept (CSC: Templeton, 2001 ). Crandall et al. (2000) suggested expanding the use of ecological exchangeability to define ESUs. Both uses emphasise the adaptive nature of populations and strive to identify which populations have adapted to the same ecological niche and which have adaptively diverged.
Yet, the concept of ecological exchangeability has been a major stumbling block for the CSC and is an early critique of the Crandall et al. (2000) ESU definition. The major concern being, how does one actually test for ecological exchangeability? In this paper we describe a procedure using genetic and ecological data to determine the ecological exchangeability of local populations within a species and its application to conservation biology.
Theoretically, species can be aligned along a continuum ranging from a single, panmictic population to being divided into patches of local populations (e.g. Levins, 1969; Allendorf, 1983) . Several authors have discussed the need to expand the conservation of biological diversity to include local populations within a species (e.g. Ryder, 1986; Hughes et al., 1997; Magurran, 1999; Moritz, 1999; Tienderen et al., 2002) . Local populations may be adapted to local conditions particularly if dispersal and gene flow among patches is, to some level, restricted (e.g. Hanski & Gilpin, 1997) . Such adaptations may allow a species to occupy a restricted set of local environmental conditions (e.g. high salinity or warm temperatures). Local populations adapted to different local conditions are not ecologically exchangeable because individuals transferred between them will not occupy the same niche or selective regime. Alternatively, high dispersal between patches, or patches with similar environmental conditions may prevent local adaptation (e.g. Allendorf, 1983) and such species would comprise ecologically or adaptively exchangeable local populations. That is, individuals exchanged between such local populations would fill the same niche or selective regime and could be considered part of the same ESU.
While there are many definitions of ESUs in the literature, there is no clear consensus (Fraser & Bernatchez, 2001; Moritz, 2002) and it is not our goal to debate the relative merits of different ESU concepts. Rather we argue the importance of using both genetic differentiation and ecological experiments to determine ESUs, because they are key components to all ESU concepts, either explicitly or implicitly. Plus, this view of an ESU focuses attention on conserving intraspecific diversity. Conserving inexchangeable local populations will preserve intraspecific diversity.
Several authors have recently emphasised the need for ecological data and experiments to support management decisions concerning the conservation of species at risk (e.g. Dodd & Siegel, 1991; Hendrickson & Brooks, 1991) . This paper describes how to determine ecological exchangeability, which can be a valuable step in making scientifically defensible decisions about important conservation problems.
First, failing to recognise and protect inexchangeable local populations within a species may cause a reduction in its overall genetic variability, which may reduce its capability to adapt to changing environmental conditions (e.g. Soulé, 1987) . Protecting inexchangeable local populations should help to preserve declining species because the viability of a species may be related to its variability (e.g. Bisby & Heywood, 1995) . Second, current evidence suggests that species that are differentiated into inexchangeable local populations are often the precursors of new species (e.g. Magurran & May, 1999) . Thus, the maintenance of current species and the generation of new species may depend on preserving intraspecific variation attributed to inexchangeable local populations or ESUs (e.g. Moritz, 2002) . Third, resource managers must frequently translocate individuals from relatively healthy local populations to restore or augment declining populations of the same species. Determining the exchangeability between individuals of healthy and declining populations should increase the probability of successful restoration or augmentation. Only 20%, 19% and 44% of the projects to restore desert fishes, amphibians and reptiles and birds and mammals, respectively, have been successful (e.g. Griffith et al., 1989; Dodd & Siegel, 1991; Hendrickson & Brooks, 1991) . A major reason for this failure is that translocated individuals were poorly adapted to the new conditions (Dodd & Siegel, 1991; Hendrickson & Brooks, 1991) . That is, translocated individuals were not exchangeable with individuals in the extinct or declining population they were intended to replace or augment. Fourth, captive-breeding programs could also benefit from determining the inexchangeability of local populations because breeding individuals from inexchangeable local populations may alleviate potential negative effects of inbreeding depression (e.g. Templeton & Read, 1984) .
We describe a procedure using molecular genetic data and ecological experiments to detect the exchangeability of local populations. Separately, both genetic data and ecological experiments have limitations that restrict their ability to conclusively determine exchangeability. We maintain that combining genetic data and ecological experiments provides the strongest case for determining inexchangeable local populations or ESUs as defined by Crandall et al. (2000) . Although management decisions to transfer individuals from stable populations to augment declining populations or to restore extinct populations are often based solely on genetic similarity (e.g. Hendrickson & Brooks, 1991) , we maintain that both ecological experiments and genetic data are necessary to determine the success of translocations. Determining exchangeability based on ecological and genetic data should be an important step in designing conservation strategies for species at risk.
Our objectives are: (1) to discuss the strengths and limitations of both genetic data and ecological experiments in identifying inexchangeable local populations, (2) to describe the advantages and disadvantages of different types of experiments designed to determine exchangeability and (3) to specify a procedure based on genetic differentiation and ecological experiments for determining the exchangeability of local populations. This procedure can be used to address such questions as, which local populations should: (1) be given highest priority for preservation to maintain intraspecific variation, (2) be used to enhance captivebreeding programs, (3) be used to augment endangered local populations and (4) be used to re-introduce native species into historically occupied areas.
Although studies have used both experiments and molecular genetic analyses to examine local populations (e.g. Stockwell & Weeks, 1999) , this is the first synthesis of a combined approach (experiments and genetics). Our paper also discusses potential problems that can arise and offers solutions in using this combined approach, which have not been summarised elsewhere, especially in the context of determining exchangeability and preserving locally adapted populations.
THE COMPLEMENTARY ROLES OF MOLECULAR GENETIC DATA AND ECOLOGICAL EXPERIMENTS
Ecological experiments and molecular genetic analyses provide different types of information about variation among populations. Using experiments (e.g. reciprocal transplants) to detect adaptive differences among local populations is an organismal level approach to determining exchangeability. Whole organisms are the level at which natural selection operates, thus adaptive differences are expressed and most easily detected using whole organisms. Genetic analyses (allozymes or DNA sequencing) rely on differences among individual genes to differentiate between local populations, thus they provide information about the historical relationships among populations.
Because of the differences in information obtained from ecological experiments and genetic analyses, both approaches are limited, but complementary. Recently, researchers in several areas of ecology and evolution have begun to change the way in which they make biological inferences (Hilborn & Mangel, 1997; Burnham & Anderson, 2002) . Model selection can be used to make inferences based on support from two or more types of corroborating data. We suggest using experiments and genetic data to make inferences about the exchangeability of local populations.
Ecological experiments are limited by their lack of ability to determine biologically important differences, as opposed to statistical differences, on the short time scales over which most experiments are conducted. For example, an adaptation that produces a 5% difference in mortality between local populations may not be statistically significant when examined over a 2 or 3 year period. But, a difference of 5% in mortality on an evolutionary time scale can be very important. Genetic data can complement experiments by indicating the degree of divergence between local populations, thus indicating whether non-significant trends may have biological importance. Also, ecological experiments may not be possible for highly mobile, long-lived, or large, species (e.g. whales, redwood trees), but these species can be differentiated using genetic analyses.
Local populations can be differentiated on the basis of variable DNA regions (marker genes). Marker genes can be either neutral/random or functional and can vary because of genetic drift or natural selection (e.g. Wright, 1969) . Random markers can identify evolutionarily divergent local populations and estimate the degree of reproductive isolation, but they, by definition, do not influence the ecological or adaptive niche of a local population (e.g. Lynch, 1996) . Although variation in random markers has been correlated with variation in functional markers (e.g. Merila & Crnokrak, 2001) , random markers do not necessarily differentiate local populations adapted to different local conditions (e.g. Lynch, 1996; Tregenza & Butlin, 1999) . However, random markers can indicate the degree of divergence between local populations and the possibility of biological significance when experiments fail to show statistical significance.
Functional markers are genes or interacting gene complexes that determine the expression of quantitative traits that influence the survival and reproduction of individuals (e.g. growth, size, fecundity and mortality), which indicate adaptive differences between local populations. With a full understanding of how functional alleles operate in natural environments, we can determine exchangeability without experimentation (e.g. Tienderen et al., 2002) . Although the function of some genes is known for humans and a few domestic crops and livestock, the function (if any) of most non-neutral genes, in most organisms, is not known (Tautz & Schmid, 1999; Ford, 2002; Tienderen et al., 2002) . Our current understanding of which genes interact to influence quantitative traits is too limited to make frequent use of functional markers to differentiate adaptively different local populations, especially for quantitative, multigenetic traits that will be important to ecological performance (e.g. growth, size, fecundity). Differentiating local populations using functional markers is technologically feasible but not currently practical for most species. Experiments, however, can determine adaptive differences produced by functional alleles among local populations.
We will explain a procedure that uses the strengths, while recognising the limitations, of both genetic data and ecological experiments to determine the exchangeability of local populations. Ecological experiments using whole organisms, combined with random markers that indicate evolutionary divergence, provide a much stronger case for detecting adaptive differences between local populations than either method can provide alone. Before we describe this procedure, we will briefly discuss which traits could be used to determine exchangeability, review the influence of phenotypic plasticity and phenotypic similarity on detecting exchangeability and discuss the advantages and disadvantages of different experimental methods for detecting exchangeability. Table 1 lists several traits used in previous research to experimentally compare adaptive differences among local populations. Observe that almost all of these traits are somehow related to growth, size, fecundity or mortality. If we test and subsequently reject the hypothesis that two or more local populations are exchangeable, it is important to note that we can never completely eliminate the possibility that we have failed to identify the 'right' trait that would reveal adaptive differences. Therefore, we emphasise the importance of measuring traits (e.g. growth, body size, fecundity and mortality) that integrate complex and difficult to measure interactions among several traits. We agree with others (e.g. Stearns, 1977) , that all trait differences of importance will influence the performance of a population through their impact on growth, size, fecundity or mortality (e.g. Templeton, 2001) . Estimates of the long-term viability of populations are also based on measurements of growth, size, fecundity and rates of population mortality (e.g. Thomas, 1990; Lande, 1993) . We propose that these four traits are best for determining exchangeability or adaptive differences among local populations and that by focusing on these traits we avoid the problem of missing some important trait in our assessment of exchangeability.
TRAITS USED TO DETERMINE EXCHANGEABILITY

PHENOTYPIC PLASTICITY AND EXCHANGEABILITY
Finding phenotypic differences between populations does not necessarily mean that populations are inexchangeable. Both fixed adaptation to local environmental conditions (Levins, 1963) . Trait differences between local populations caused by plasticity will disappear when exposed to the same environmental conditions, such as when individuals from two populations are raised in a common environment. Therefore, one of the challenges in determining exchangeability is to experimentally determine if adaptation or plasticity is the reason that local populations show different trait states in different local populations.
PHENOTYPIC SIMILARITY AND EXCHANGEABILITY
Finding phenotypic similarity among populations does not necessarily indicate that populations are exchangeable. Local populations that show similar traits in different environments are not necessarily exchangeable because of the possibility of 'phenotypic similarity' (sensu Conover & Schultz, 1995) . Phenotypic similarity is the opposite of phenotypic plasticity. Plastic traits differ between local populations, such as along gradients (e.g. cold to warm temperatures), because they are environmentally induced, even though genotypes along the gradient are the same. However, phenotypic similarity refers to traits (e.g. body size) that are similar along a gradient despite the existence of different genotypes or despite the existence of local adaptation (Conover & Schultz, 1995) . For example, body size was similar in northern versus southern populations of Atlantic silverside fish (Menidia menidia) because the northern population, growing at colder temperatures, contained alleles that produced higher rates of food consumption and greater assimilation efficiency than southern populations that did not have these alleles (Conover, 1992) . This offset the effects of higher temperatures on growth in the southern population. Experiments indicated that these two populations (northern and southern) have genetically-based traits that are important adaptations to local environmental conditions (e.g. higher rates of food consumption at low temperatures) despite the absence of differences in body size (Conover, 1992) . Therefore, they are inexchangeable and should warrant management as distinct ESUs. Efforts to determine exchangeability also depend on identifying local adaptations that may be hidden by little or no phenotypic differences.
EXPERIMENTAL METHODS TO DETERMINE EXCHANGEABILITY
Two experimental methods can be useful in determining exchangeability, Reciprocal Transplant experiments (RT) and Common Environment experiments (CE). In CE experiments, individuals from different local populations are raised at a single site under the same environmental conditions, whereas RT experiments require raising individuals from patch 1 in patch 2 and vice-versa. If adaptation accounts for trait (T) differences between two populations (T 1 = T 2 ), then this difference should remain the same in a common (CE experiment) or an alternate patch (RT experiment) compared to the original patch (T 1 will remain = T 2 ). However, plastic traits that differ between two populations will shift, being similar in a common or alternate patch (T 1 = T 2 ). Conversely, traits that appear the same because of phenotypic similarity (T 1 = T 2 ) will differ in a common or alternate patch (T 1 = T 2 ). Both types of experiments have advantages and disadvantages (e.g. Fauth, 1998) . The advantage of RT experiments is a better ability to test for phenotypic plasticity and phenotypic similarity under more natural conditions than is typically possible in CE experiments, which usually mimic the general features of a natural system in a controlled microcosm. Although mesocosms or enclosures are recognised as a fundamental part of CE studies (Fauth, 1998) , they are often just as important in RT experiments because it is usually necessary to monitor and measure specific traits (e.g. body size), which can be difficult if mobile organisms are released at a site without some type of enclosure. One of the primary drawbacks to conducting RT experiments for determining exchangeability is the risk of prematurely or unwittingly introducing non-native individuals into previously unoccupied habitats. Thus, RT compared to CE experiments can better capture the effects of environmental variation on potential trait differences. However, this advantage can be lost if the steps needed to guarantee the inescapability of individuals (e.g. mesocosms or enclosures) substantially alter natural conditions. CE experiments are often easier to perform than RT experiments because they involve only a single site, thus allowing more replicates to be deployed per unit effort. Although CE experiments typically do not duplicate the complexities of a natural setting, they can create the same generalised conditions and control for potentially confounding impacts of extraneous variables (e.g. predation) while manipulating the factor(s) hypothesised to produce trait differences (e.g. spring rate of temperature increase). Plus, some trait differences between local populations (e.g. differences in mortality and fecundity) may only be manifest under stressful conditions (Stockwell & Leberg, 2002) . It is easier to represent a range of conditions (e.g. benign and stressful temperatures) in CE experiments compared to the less controlled setting in RT experiments.
Ultimately, the decision to use CE versus RT experiments to separate plasticity from heritable traits depends on: (1) the ability to duplicate important natural conditions in CE experiments, (2) the importance of using CE experiments to control potentially confounding factors in a natural setting, (3) the ability to guarantee the inescapability of individuals in RT experiments, (4) the extent that RT experiments also alter natural conditions to guarantee the inescapability of individuals and (5) the importance of representing a range of conditions, stressful and benign, in CE experiments.
How long should CE or RT experiments run? Some traits may be plastic but irreversible within the lifetime of an individual because beyond a certain point during development the trait becomes fixed for that individual's life (developmental plasticity). If the environment acts on a plastic trait during development before an individual is transplanted it will not change during the course of an experiment (CE or RT) that only lasts the life span of an individual, thus it will falsely appear to be an adaptive difference. For example, size at metamorphosis in tadpoles (Pseudacris crucifer) is a plastic response dependent on food availability, but beyond 2 weeks the response becomes irreversible, thus fixing size at metamorphosis (Hensley, 1993) . Reversible plastic traits can be detected within the life span of individuals, but irreversible plastic traits might require at least two generations to identify. This requires running an experiment (CE or RT) for more than one generation. However, it is also possible to harvest gametes and rear individuals from fertilisation before traits can be fixed during development.
Similarly, the influence of maternal effects on trait differences between populations may require experiments that last for more than one generation. Consider two local populations where feeding rate is a plastic response to higher resource availability, causing a difference in body size at maturity (T 1 = T 2 ). This plasticity may not be detected in a CE or RT experiment based on the first generation offspring (F 1 ) because larger females often produce larger offspring in the F 1 generation. Therefore, F 1 offspring from high resource locations would be larger than F 1 offspring from low resource locations even when raised together in a common environment with the same resource level. Because maternal effects cascade to the next generation, the absence of differences in body size in this example would not be detected until individuals from the F 2 generation were raised in a common environment.
THE PROCEDURE
We will explain the steps necessary to determine exchangeability in a case involving two local populations (Fig. 1) . Determining exchangeability for multiple populations involves the same procedure, but would involve individuals from each population.
Step 1: Select and measure traits (e.g. growth, size, fecundity, mortality rates) in individuals from the first patch (T 1 ) compared to individuals from the second patch (T 2 ) and determine if trait differences exist (T 1 = T 2 ).
Step 2: Collect samples for genetic analysis based on neutral markers in both patches and determine if the populations are genetically differentiated (G 1 = G 2 ), which would indicate some degree of historical separation, reproductive isolation and potential for local adaptation.
Step 1 (measure key traits)
Steps 2 and 3 (Analyze samples for genetic differentiation and conduct CE or RT experiment)
The Populations are Exchangeable
?
The Populations are not Exchangeable The Populations are not Exchangeable Fig. 1 . A procedure for determining the exchangeability of local populations within a species. T 1 and T 2 and G 1 and G 2 are the phenotypic expression of a trait and the genetic architecture, respectively, of populations in patch 1 versus patch 2. CE, common environment; RT, reciprocal transplant. Steps 1-3 are described in the text.
Step 3: Use CE or RT experiments to detect phenotypic similarity and separate phenotypic plasticity from local adaptation.
If in
Step 1, T 1 ∼ = T 2 , then there are two possibilities or hypotheses: (1) the populations are not locally adapted and are exchangeable, (2) the populations are inexchangeable and phenotypic similarity is masking trait differences or local adaptation. If in Step 1, T 1 = T 2 for any of the key traits examined, then two more possibilities exist: (1) the populations are locally adapted and inexchangeable or, (2) the populations are exchangeable and the trait differences are plastic traits responding to different environmental conditions. Whether T 1 ∼ = T 2, or T 1 = T 2 we must proceed to Steps 2 and 3.
After completing Steps 2 and 3 we can use both genetic and experimental evidence to draw conclusions about the exchangeability of populations (Fig. 1) . If T 1 ∼ = T 2 for key traits in a CE or a RT experiment and if G 1 = G 2 based on neutral markers, then this is strong evidence that the two populations are exchangeable or, in other words, any phenotypic differences measured in Step 1 can be attributed to plasticity. Similarly, if experimental results demonstrate that T 1 = T 2 for any of the key traits and G 1 = G 2 , then we can conclude that the two populations are not exchangeable and that they demonstrate local adaptation and should be managed as separate ESUs.
Two mixed results (T 1 ∼ = T 2 when G 1 = G 2 and T 1 = T 2 when G 1 = G 2 ) using experimental and genetic data are also possible (Fig. 1) . Local populations should be considered inexchangeable if experiments demonstrate T 1 = T 2 even if G 1 = G 2 , because (as explained above) most genetic analyses will be based on neutral markers, which do not indicate adaptive differences. Also, determining that T 1 = T 2 does not involve the primary weakness of experiments, which is accepting statistical results of no difference between traits (T 1 = T 2 ) when there could be important biological differences. Detecting differences between traits (T 1 = T 2 ) following CE or RT experiments provides reliable information and we can conclude that the populations are inexchangeable and that they warrant management as separate populations even when genetic data indicate a lack of genetic divergence (G 1 = G 2 ). This approach also tends to err on the side of the resource because it will recognise and conserve the greatest number of unique or inexchangeable local populations (i.e. those that might be considered exchangeable based on genetic data).
If results from CE or RT experiments yield T 1 ∼ = T 2 when G 1 = G 2 , then conclusions are more tenuous because the weaknesses of both types of data can affect our conclusions. That is, CE/RT experiments might have failed to detect important biological differences and local populations differentiated using random markers cannot indicate functional differences in local adaptation. In this case it may be necessary to conduct additional experiments focusing on traits that may not have been included in the initial experiments. For example, if experiments on growth and age/size at maturity show no differences among populations, it may be necessary to run experiments focusing on fecundity or mortality. If all experiments fail to show differences in important traits, our interpretation and subsequent decisions might depend on the strength of the genetic data. If genetic markers indicated that the populations only recently diverged we might suggest that populations have not evolved significant adaptive differences and are thus exchangeable. Conversely, if genetic analyses indicate that the populations have been isolated for a long period of time, we might conclude that adaptive differences may be more long-term or subtle than we can detect with ecological experiments, thus populations should be considered inexchangeable.
In summary, in order to demonstrate inexchangeability we must experimentally detect at least one trait (e.g. growth, size, fecundity, mortality) that differs between the two populations and use genetic data (usually random markers) to corroborate our experimental results. Only one out of the four outcomes produces potentially ambiguous conclusions (T 1 ∼ = T 2 when G 1 = G 2 ). In this case, genetic data can indicate the degree of divergence, which may help to interpret non-significant experimental results.
A HYPOTHETICAL EXAMPLE
Historically, least chub (Iotichthys phlegethontis) were widely distributed in almost all freshwater habitats throughout the Bonneville Basin of Utah (Jordan, 1891) . This species has been reduced to 10 local populations, each inhabiting an isolated spring (Perkins, Lentsch & Mizzi, 1998) . The two largest populations inhabit springs with very different temperature regimes (10 • C versus 26
• C). Recent analyses indicate genetic divergence between these two populations (Mock & Miller, 2005) , suggesting the possibility that individuals will be adapted to local conditions (e.g. cool versus warm temperatures) and, therefore, be inexchangeable.
Let us assume that resource managers need to know which of these two remaining populations might best be used to transplant individuals and restore least chub to a new spring with intermediate temperatures (16 • C). After collecting data on growth rates, size at maturity and fecundity for both populations in their respective springs, let us assume that they find no significant differences. However, because adaptive differences could be masked by phenotypic similarity, they decide to perform a CE experiment in replicate microcosms at three different temperatures (10 • C, 16
• C and 26
• C). If they find that any of the traits were significantly different (T 1 = T 2 ) in the CE experiment, then they could confidently conclude that the populations were inexchangeable and the lack of trait differences in Step 1 were probably attributable to phenotypic similarity. The population that showed the fastest growth and highest fecundity at 16
• C could be used for translocation. Because these two populations are inexchangeable, they should not be mixed to augment or restore other spring populations. That is, individuals from the warm spring should be used to restore populations in other warm springs, thus increasing the probability of translocation success.
MANAGEMENT IMPLICATIONS
Translocation has become a common practice in efforts to conserve rare and endangered species (Griffith et al., 1989) . Translocation has a variety of purposes including: (1) augmenting declining populations, (2) re-establishing locally extinct historic populations, and (3) supplementing captive-breeding programs. Resource managers are often confronted with difficult decisions concerning which local populations to use for translocation. Decisions based solely on genetic data using neutral markers, which provide historic information on evolutionary divergence, can be risky and may account for the high proportion of failed translocation programs (e.g. Hendrickson & Brooks, 1991) . Our procedure can provide the information needed to weigh the advantages and disadvantages of mixing local populations in an effort to restore declining populations. However, determining exchangeability requires an investment in time and energy before decisions are made. In the long run, determining exchangeability will save time and energy lost in failed efforts because of a lack of proper information. Plus, failed translocation programs result in the loss of valuable individuals from declining species.
Often resource managers need to make decisions concerning which local populations should be designated for preservation. Demonstrating that local populations are inexchangeable provides scientific justification for such decisions. However, CE or RT experiments are not possible for some organisms (e.g. very rare, large, inaccessible, or highly mobile species). In such cases where experiments are not possible, genetic differentiation of local populations based on neutral markers can provide valuable information pertaining to conservation decisions. Plus, we emphasise that a variety of criteria other than exchangeability (genetics and experiments) can be used to identify local populations that warrant preservation and individualised management. For example, local populations that select the same breeding sites as previous generations (e.g. site fidelity in salmon stocks) can warrant separate preservation (Huntington, Nehlsen & Bowers, 1996) . However, we cannot assume transplants between such populations will be successful or that conserving such groups will enhance intraspecific variation without demonstrating inexchangeability. Templeton (1986) described how 'outcrossing depression' (disruption of locally adapted gene-complexes) caused by translocating inexchangeable individuals to augment declining populations could reduce their viability by diminishing their resistance to disease and parasites. Translocating exchangeable individuals into declining populations could achieve augmentation goals without risking the harmful effects of outbreeding depression. Plus, captive-breeding programs could use this procedure to determine which populations were inexchangeable and could potentially counter the harmful effects of inbreeding, while preventing outbreeding depression.
Application of this procedure may find that some species are comprised of numerous locally adapted populations. This is exactly the type of information that managers need in order to avoid costly translocations that are doomed to fail between inexchangeable local populations. This procedure should be used prior to investing resources in costly translocation programs. Furthermore, we suggest that it is unethical to translocate or mix local populations without sound scientific evidence to verify the success of such endeavours because they could do more harm than good (e.g. outbreeding depression) and result in the loss of individuals from declining species. Determining exchangeability using both genetic and experimental data is the best way to identify populations for translocation and provide a valuable scientific basis for conservation plans.
